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Fusarium Head Blight:
McMullen M, Bergstrom G, De Wolf E, Dill-Macky R, Hershman D, Shaner G, Van 
Sanford D (2012) A Unified Effort to Fight an Enemy of Wheat and 
Barley: Fusarium Head Blight. Plant Disease 96: 1712-1728
• One of the most devastating 
plant diseases in the world
• Production losses worldwide 
have been estimated to be as 
much as 50%.
• Epidemics can result in billions 
of dollars in economic losses 
Fusarium Head Blight:
• Caused by the fungal plant pathogen
Fusarium graminearum
Also responsible for:  
• Soybean seed decay
• Corn seedling blight, stalk rot and ear rot
Fusarium Head Blight:
• Diseased symptoms include:
• Premature bleaching throughout 
the head
• Grain shriveling and discoloration
Infected Healthy
• Fusarium graminearum
• Destroys grain yield and quality
• Produces mycotoxins
• Trichothecene mycotoxins
• Fungal secondary metabolites:
• Function as a virulence factor which 
disables plant defense mechanisms 
to increase spread 
• Disrupt normal cell function by inhibiting protein synthesis
• Deleterious to human and animal health
• Deoxynivalenol (DON)- also called vomitoxin
• Grain exceeding 1ppm DON is unfit for human consumption
• Food Safety Issue
Trichothecene Mycotoxins :
DON
Disease Cycle and Epidemiology:
Fusarium inoculum 
originates from 
previous years crop 
stubble
Favorable Environmental Conditions:
• High Humidity 
• Moderately warm temperatures (59-86°F)
Fusarium graminearum
Spores
Wind & 
Rain-splash
ROS
DON
Potential Benefits of Biochar:
Biochar
• Promote plant productivity 
• Enhance physical properties of soil
• Alter soil microbial populations
• Alleviate environmental stress 
• Boost disease resistance 
(Alburquerque et al., 2013; Elad et al., 2011)
Fusarium inoculum 
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previous years crop 
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Fusarium graminearum
Spores
1. Alter soil microbial populations
2. Alleviate environmental stress 
3. Boost disease resistance 
Potential Benefits of Biochar:
Wind & 
Rain-splash
1. Alter soil microbial populations
Crop debris Biochar Beneficial biocontrol microorganisms
Trichoderma harzianum
• Reduce Fusarium inoculum
• Increase competition with beneficial biocontrol organism
Potential Benefits of Biochar:
2. Alleviate environmental stress
• Due to its porous structure 
biochar increases the soil water 
retention capacity
• Potentially reduce rain water 
pooling and splashing 
• Reduce plant abiotic stress due 
to fluctuations in water 
availability which increases 
plant susceptibility   Wheat partially submerged in floodwatersHolly Grove, Arkansas May 10, 2011 
Credit: Reuters/Eric Thayer
Potential Benefits of Biochar:
3. Boost disease resistance 
• Healthy microbiome surrounding the plant 
can prime basal defenses 
(Berendsen, Peieterse & Bakker, 2010)
• Biochar may increase total antioxidant 
capacity of the plant 
• Niggli and Schmidt (2010) showed that biochar in vineyards 
increased plant antioxidants (polyphenols)
• Seed treatment with Ascorbic Acid (AsA) can increase the 
total wheat antioxidant capacity (Farooq et al., 2013). 
• Reduce initial infection 
• Dampen DON production & disease spread 
ROS
DON
Potential Benefits of Biochar:
Experimental 1:
Seed treatment:
• Susceptible variety Norm seed was either treated with H2O 
or treated with 2 mM Ascorbic acid (AsA) for 24 h prior to 
planting (Farooq et al., 2013)
Soil mix:
• Green-Gro top soil (peat and sand mix) with and without 
Oak sawdust pellet biochar amendment
Inoculation heads at anthesis (n=10):
• Mock control solution
• Fusarium graminearum (Gz3639) solution
Measure:
• Disease progression overtime
• Yield as weight per head and yield weight loss with disease
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• Together soil biochar amendment and seed AsA treatment 
significantly reduced disease progression and yield loss.
Experimental 2:
Seed treatment:
• Susceptible variety Norm seed was either treated with H2O 
or treated with 2 mM Ascorbic acid (AsA) for 24 h prior to 
planting (Farooq et al., 2013)
Soil mix:
• Sunshine Redi-earth Professional growing mix with and 
without Oak sawdust pellet biochar amendment 
Biocontrol:
• Trichoderma harzianum 0.5g dried mix per 2L soil was 
added to a subset of plants with each treatment and soil mix
Inoculation heads at anthesis (n=20):
• Mock control solution
• Fusarium graminearum (Gz3639) solution
-Trichoderma +Trichoderma
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Experimental 2:
Alkaline pH~8.5 did not 
effect Trichoderma growth
Trichoderma spread through the plant tissue
Oak sawdust pellet biochar
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• Addition of Trichoderma
significantly increased yield 
per head
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* *
*
*
04
8
12
16
20
24
4 9 14 19 24
Disease Progression
Biochar & AsA & Trich
Biochar & AsA
Biochar & Trich
Biochar
AsA & Trich
AsA & Trich
Trich
Control
no significant 
difference
Experimental 2:
Days post inoculation
N
u
m
b
e
r 
o
f 
in
fe
c
te
d
 f
lo
re
ts
• Beneficial effects of Biochar and AsA
maybe soil dependent
(Cornelissen et al., 2013)
Summary: 
• The combination of ascorbic acid seed treatment and soil 
biochar amendment enhances wheat resistance to FHB
• Leading to reduced disease spread and grain yield loss
• However, these effects are dependent on the soil type
• Biochar can be used as a carrier for the introduction of 
beneficial microorganisms such as Trichoderma harzianum
which significantly increased wheat yield 
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“The more we study the problems of our time, the more we 
come to realize that they cannot be understood in isolation.” 
(From The Web of Life by Fritjof Capra)
